ABSTRACT. Reuber rat hepatoma cells (R-Y121B) cultured at 0.5% serum accumulated apoalkaline phosphatase in intact cells. WhenR-Y121Bcells were cultured in the presence of bovine serum albumin, alkaline phosphatase activity increased in the cells, and the associated increase in enzymeactivity differed amongst bovine serum albumin preparations. The treatment of bovine serum albumin with activated charcoal not only enhanced the effect of serum albumin on alkaline phosphatase activity, but also cancelled the differences due to different preparations of serum albumin. In contrast, no effect from serum albumin was observed in the increase of alkaline phosphatase activity in R-Y121B cell homogenates incubated at 37°C. The activated-charcoal treatment of bovine serum albumin increased the amount of Zn2+ bound to the protein. WhenR-Y121Bcells were cultured with bovine serum albumin, the concentration of Zn2+ in the cytosol fraction slightly increased. However, the effect of serum albumin on Zn2+ concentration in the cytosol fractions was independent of charcoal treatment. It was concluded that serum albumin with Zn2+ induces the activation of apoalkaline phosphatase due to Zn2+ binding.
In vivo, every tissue is exposed to body fluid containing hormones, growth factors, cell attachment factors and other unknowncompounds. Thus, serum contributes to the regulation of cellular physiology in living cells. However, it is difficult to elucidate the effects of serum on cell functions in vivo. On the other hand, cell cultures are useful tools for investigating the biological functions of serum in vitro. In fact, the effects of serum on activities of tyrosine aminotransferase (3, 4, 15) , phenylalanine hydroxylase (6, 15) , deiodinases (1 1 , 16), and alkaline phosphatase (8, 14, 17, 18) were investigated.
We recently showed that serum increased alkaline phosphatase activity in rat hepatoma cells (R-Y121B),
and that bovine serum albumin (BSA) (Fraction V) slightly increased alkaline phosphatase activity (17) . More recently, it was shown that this increase of alkaline phosphatase activity was due to the activation of nascent alkaline phosphatase molecules by binding of Zn2+ and Mg2+ to them (12) . Therefore, R-Y121B cell cultures may be good in vitro models for investigating howserumconstituents contribute to the regulation of alkaline phosphatase activity. Serum albumin is a major component of serum proteins, and it is known that albumin contributes to maintaining the osmotic pressure and is knownalso to carry a surplus of steroid hormones, thyroid hormones, and metal ions. These functions are based upon the large amount of this protein in plasma and upon its physicochemical characteristics.
However, other than biological roles as a carrier protein, it is not clear whether serum albumin itself has other biological functions. The present study was designed to clarify whether serum albumincontributes to the regulation of alkaline phosphatase activity. Weshow in this paper that serum albumin with Zn2+ induces the activation of the apoalkaline phosphatase molecule in R-Y121B cells. Chen's method (1) . BSA (7 g) was dissolved into 7 ml of deionized water, and 5 ml of 0.2N HC1was added. In some experiments, 5 ml of phosphate-buffered saline without Mg2+and Ca2+ was used instead of 5 ml of 0.2 N HC1. Then, 3.5 g of activated charcoal was added to the BSAsolution and stirred at 0°C for 1 h. The solution was centrifuged at 20,000 g for 20 min at 4°C to sepa-rate the activated charcoal and BSAsolutions. The BSAsolution was neutralized with 0.2 N NaOH. The neutralized BSA solution was directly used in the subsequent experiments or dialyzed against phosphate-buffered saline without Mg2+ and Ca2+ before use. Metal ion analysis. The concentrations of Zn2+ bound to BSAor in the cytosol fractions were measured by coupled plasma emission spectrometry with a SEIKOSPS 1200VR spectrometer (Seiko Instruments Inc., Tokyo, Japan). The samples were treated with nitric acid at 140-180°C to decompose organic matter, and were then tested in the spectrometer. Buffers and reagents used were also digested in the same way for background correction.
Cell culture. Cell culture methods were described in detail in our previous papers (12, 17) . Rat hepatoma cells (R-Y121B) (10) were continuously cultured in glass flasks, and plated in plastic culture dishes (Corning, N.Y., U.S.A.) for subsequent experiments. The cells were cultured in modified Eagle's minimumessential medium, supplemented with 0.5% fetal bovine serum. The treatment of BSAwith cells was carried out in the absence of fetal bovine serum. The cells collected by centrifugation were homogenized with a Potter-Elvehjem-type homogenizer in H2Oat 0°C. Activation of alkaline phosphatase in cell homogenates.
The incubation of R-Y121B cell homogenates at 37°C induced a large increase in alkaline phosphatase activity (12).
The mixture of cell homogenate (50 jA) and 50 mMTris-HCl buffer (50jil), pH 7.1, was incubated at 37°C for 12-24 h. In some experiments, a metal ion solution (50ju\) was further added.
Enzymeassay. Alkaline phosphatase activity was measured according to our previously reported method, using phenylphosphate as a substrate (12 17). The cellular protein concentration was estimated by the method of Lowry et al. (7) using BSAas the standard.
RESULTS
Effect of BSAon alkaline phosphatase activity in cells. When fraction-V (F-V) BSA preparations ob- The cells were cultured in the presence of BSAfor 24h at 37°C. tained from different companies were examined, the magnitudes of the alkaline phosphatase activity increase differed among BSApreparations (Table I) . In order to explain these results the following possibilities are considered: 1) an unknownactivator is contained in fraction-V BSA; 2) an inhibitor which reduces BSA function is contained in fraction-V BSA; 3) the coexistence of both cases. Effect of charcoal-treated BSAon alkaline phosphatase activity in cells. To isolate and purify a compound which regulates alkaline phosphatase activity from F-V BSA, we used concanavalin A Sepharose, Blue Sepharose, hydroxy apatite, and Sephadex columns. However, no such compoundwas separated from BSAby these columns. The factor regulating alkaline phosphatase activity was always found in the BSAfractions. On the other hand, it is known that fatty acids bound to BSAaccelerate cell growth, and that the fatty acids can be removed from BSAwith activated charcoal (1).
When R-Y121B cells were incubated with F-V BSA treated with activated charcoal, alkaline phosphatase activity significantly increased, even at 0.5 mg/ml, and reached a plateau level at 5 mg/ml (Fig. 1 ). The original fraction-V BSAdid not show a significant effect at 0.5 mg/ml, and the effect was much lower than that observed with charcoal-treated BSA. However, commercially available fatty acids did not alter alkaline phosphatase activity in R-Y121Bcells in either the presence or the absence of charcoal-treated BSA. phatase activity differed among different BSApreparations before activated-charcoal treatment, but the effects greatly increased and reached almost the same levels after activated-charcoal treatment. The effects of charcoal-treated BSAon alkaline phosphatase activity were seen to be pH-independent in the cases in which BSA was treated with activated charcoal (Table II) . Effect of BSAon alkaline phosphatase activity increase in cell homogenates. Simple incubation of RY121Bcell homogenates at 37°C was enough to increase their alkaline phosphatase activity (12). In order to determine whether or not BSAaffects this increase in alkaline phosphatase activity in cell homogenate, various BSApreparations were added to the cell homogenate and incubated at 37°C. The enzyme activity increase was found to be independent of any BSAadded to the cell homogenate, except for the original A-7638 BSA preparation (Table III) homogenate would supply the deficient metal ions to the control cell homogenate. This synergistic effect was not observed, however, not only at 0°C but also at 37°C (Table IV) . Thus, the accumulation of nonactivated alkaline phosphatase is obviously not due to a lack of metal ions inside the cells. Effect of Zn2+ on alkaline phosphatase activity in cells. When R-Y121B cells were incubated with Zn2+ at various concentrations a concentration below 0. 1 juM Zn2+ did not increase alkaline phosphatase activity, but a large increase was observed at 1 juM (Table V) . The largest effect was observed at 10juM, but at 100juM the enzyme activity decreased (Table V, left column). If the exogenous Zn2+ was used for enzyme activation, a difference in alkaline phosphatase activity was observed after enzyme activation in cell homogenates. After the activation of nonactivated alkaline phosphatase in cell homogenates, however, alkaline phosphatase activity was almost the same in the cell homogenates obtained from cells treated with Zn2+ at 0-1 juM (Table V, right column). These results suggest that Zn2+ added to the culture medium induces the binding of endogenous Zn2+ to apoalkaline phosphatase in the intact cells.
Effect of various
However, 100^M Zn2+ is inhibitory. Similar phenomena were observed in the case of activation of the partially purified apoenzyme (12). Effect of various metal ions on alkaline phosphatase activity in cells. Various divalent metal ions were ex- Table IV . Alkaline phosphatase activity in the control cells, in the BSA-treated cells, and in their combination.
BSAtreated with activated charcoal was used. The values are mean±S.D. of triplicate analyses. fractions might differ between the control cells and the BSA-treated cells. The Zn2+ concentration was only slightly increased in the cytosol fractions obtained from the cells incubated with BSA. The Zn2+ concentration proved to be almost independent of the activated-charcoal treatment, although a large difference in the effect of BSAon alkaline phosphatase activity was observed depending upon whether or not the BSAwas treated with activated charcoal. These results are shown in Table VIII . The cytosol Zn2+ concentrations in the present study were quite similar to those values in R-Y121B cells, VEROcells, and HUB-15cells which were obtained by atomic absorption spectrometry in our previous study (12).
DISCUSSION
In our previous study (17) , it was shown that alkaline phosphatase activity in R-Y121B cells was increased by various cytotoxic compoundssuch as actinomycin D, cycloheximide, dinitrophenol, and KCN. Furthermore, it was shownthat R-Y121Bcells accumulated the apoalkaline phosphatase molecule inside the cells, and that this accumulation was due to interference in the metal ion binding to the enzyme molecule, and not to any lack of metal ions (Zn2+ and Mg2+) (12); the increase in enzymeactivity was not due to an increase in the amount of activated enzymemolecules. Thus the cytotoxic compounds alter membranestructures, and eventually, the Each value is expressed as //g/mg protein, and was obtained through plasma emission spectrometry. (*), presented in our previous paper (12), and obtained through atomic absorption spectrometry. endogenousmetal ions are able to bind to the apoalkaline phosphatase molecule, and there is an accompanying increase of enzyme activity. It is known that glucocorticoids induce alkaline phosphatase activity in cultured cells (2, 5, 9, 13, 18, 19) .
Thus, these hormones bound to serum albumin could induce alkaline phosphatase activity. In our previous study (17) , however, it was shown that no significant effect of dexamethasone was observed in R-Y121B cells.
It is likely that glucocorticoids do not contribute to the regulation of alkaline phosphatase activity in R-Y121B cells. Bovine serum albumin added to the culture medium also slightly increased alkaline phosphatase activity in R-Y121B cells (17) . This result was consistent with the present result. Serum albumin which is a major serum component, did not behave like a cytotoxic compound in cultured cells. In chimpanzee liver cells (CLI), serum albumin increased the amount of alkaline phosphatase molecules (18) .
It seems that the regulatory mechanismassociated with the increase in alkaline phosphatase activity produced by serum albumin might differ from that produced by cytotoxic compounds. However, after cell homogenates were kept at 37°C for 18 h, no significant difference in alkaline phosphatase activity was observed between control cell and BSA-treated cell homogenates (Table III) . This indicates that the increase in alkaline phosphatase activity produced by serum albumin is not due to an increase in the amountof the enzymemolecules. If the increase in alkaline phosphatase activity is due to an increased amount of enzyme molecules, a difference in alkaline phosphatase activity must be observed between the control cell and the BSA-treated cell homogenates, after activation of the nonactivated enzyme.
In other experiments using immunostaining by antibodies to alkaline phosphatase, the amount of alkaline phosphatase was quite similar between the control and the BSA-treated cells (unpublished data). This result also suggests that the increase in alkaline phosphatase activity produced by serum albumin is due to the activation of nonactivated enzymemolecules. Serumalbumin also alters membrane structures without cytotoxic effects on R-Y121Bcells, and this protein may eventually induce the binding of endogenous metal ions to the apoenzyme of alkaline phosphatase.
The addition of Zn2+ to the culture medium increased alkaline phosphatase activity in the intact cells, but after enzyme activation, the enzyme activity was almost the same among cell homogenates obtained from cells incubated with Zn2+ at various concentrations, except at the high concentration of 100//g/ml (Table V) . In addition, the divalent metal ions such as Cd2+, Co2+, Cu2+, and Mn2+ increased alkaline phosphatase activity in the intact cells (Table VI) , although Cu2+ and Co2+ inhibited the increase in apoalkaline phosphatase activity in our previous study (Cd2+ and
Mn2+were not examined) (12). These results suggest that the divalent metal ions contribute to the binding of endogenous Zn2+ to the apoenzyme. Thus, exogenous Zn2+ also may contribute to this process. If BSAsupplies Zn2+ to the apoalkaline phosphatase molecule, the effect of BSAin enzymeactivation can be observed using even cell homogenates. However, no significant effect was observed, except for one BSApreparation, A-7638 (Table III) . Although only a small increase in the Zn2+content of the cytosol fraction was observed in BSA-treated cells, the Zn2+ content was almost the same whether or not the BSAwas treated with activated charcoal (Table VIII) . In addition, as described above, alkaline phosphatase activity after enzymeactivation was almost the same amongst various cell preparations; the increase in alkaline phosphatase activity in the cell homogenates was independent of the cell treatment with BSAand Zn2+ (Tables IV and V) . In our previous experiments (12), the partially purified apoalkaline phosphatase molecule was activated with the cytosol fractions of control cells. This means that the cytosol fraction contains enough Zn2+ for the activation of apoalkaline phosphatase. The present study shows that charcoal treatment of BSA increased the content of Zn2+ bound to BSA (Table VII) , and shows that this BSAeventually increased alkaline phosphatase activity (Table II) . In conclusion, judging from these results, it is likely that BSA without Zn2+does not regulate the activation of apoalkaline phosphatase, but that BSAwith Zn2+ may regulate this process.
